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A purified protein kinase preparation from pea is shown to contain phosphatidylinositol kinase activity. The preparation, 
produced by membrane solubilisation and ATP-agarose affinity chromatography, contains proteins of 18 kDa (~~18, 
a calcium activated autophosphorylating protein-serine kinase), 67 kDa and 48 kDa and exhibits the phosphorylation 
of an endogenous lipid when supplied with [y-3ZP]ATP. This product is tentatively identified as lysophosphatidylinositol 
phosphate. When supplied with [y-3ZP]ATP and exogenous phosphatidylinositol, the production of phosphatidylinositol 
phosphate is observed. 
Lipid kinase; Phosphatidylinositol phosphorylation; Phosphatidylinositol phosphate; (Pisum sativum) 
1. INTRODUCTION 
The agonist-induced rapid turnover of plasma 
membrane-located phosphatidylinositol, with the 
production of the second messengers inositol 
trisphosphate and diacylglycerol, is now well 
characterised in animal systems [l]. The cycle is 
dependent upon a phospholipase C, numerous 
kinases and phosphatases, as well as two 
transferases [2]. 
In plants, only selected elements of the system 
has been identified. Boss and Masse1 [3] first iden- 
tified the presence of polyphosphoinositides (PIP 
and PIP2) in plant membranes and Melin et al. [4] 
demonstrated the presence of a 
polyphosphoinositide specific phospholipase C. 
Additionally, the presence of PI kinase and PIP 
kinase activities in plant plasma membranes has 
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been demonstrated [5,6]. However, none of the 
above enzymes have been purified from plants. 
In this report we show that a purified calcium- 
and calmodulin-regulated, plasma membrane- 
located, protein kinase (~~18) preparation exhibits 
PI kinase activity. 
2. MATERIALS AND METHODS 
[y-32P]ATP (spec. act. 185 TBq.mmol-‘) was obtained from 
Amersham (England). Other chemicals were obtained from 
Sigma (England) or British Drug Houses (England). 
Unexpanded dark grown pea leaves were grown, harvested 
and a microsomal membrane preparation isolated as previously 
described [7]. Details of the purification of the 18 kDa protein 
kinase are to be published elsewhere [8]. In brief, membrane 
proteins were solubilised by acetone precipitation and resuspen- 
sion in an aqueous buffer. ATP-agarose affinity chroma- 
tography of the solubilised membrane proteins produced 
the final purified fraction in an isolation buffer containing 
6 mM Mes (2-[morpholinolethanesulfonic acid), 6 mM Tris- 
Cl-, 20.2 mM NazEDTA, pH 7.2. On a specific activity basis, 
purification is over 700-fold. 
Protein phosphorylation was performed by labelling of the 
purified protein kinase fraction in an isolation buffer. Reac- 
tions were initiated by the addition of 100 nM [y-‘*P]ATP and 
terminated by the addition of sample buffer [8] prior to heating 
at 100°C for 10 min and separation by SDS-PAGE. 
Lipid phosphorylation was performed by addition of 10 yl of 
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Fig. 1. SDS-PAGE analysis of the purified kinase fraction. Lane 
a, Coomassie brilliant blue R staining. Lane b, autoradiograph 
of lane a which had been labelled with [y-‘*P]ATP prior to 
separation. 
purified protein kinase and IO ~1 of the above isolation buffer 
(with only 0.2 mM NazEDTA) with or without 5 Fg.pl-’ PI 
(sonicated). Reactions were initiated by the addition of 100 nM 
[y-32P]ATP. At the appropriate times the reactions were ter- 
minated by the addition of 130,~l of 1 M HCl and 
phosphoinositides extracted according to Sugimoto et al. [9]. 




chromatography on silica gel 60 (250 pm) plates (Merck) which 
had been lightly sprayed with 1 Vo (w/v) aqueous potassium ox- 
alate and activated by heating for 1 h at 110°C. First dimen- 
sion: Chloroform/methanol/4 M NHdOH, 9: 7 : 2 (v/v), for 
2 h. Second dimension: Propan-l-o114 M NHdOH, 13 :7 (v/v), 
for 3 h. Lipids were detected by spraying with 1% (w/v) 12 in 
methanol or by autoradiography. 
3. RESULTS 
The plasma membrane-located [lo] autophos- 
phorylating protein kinase (~~18) [l l] was purified 
by selective solubilisation and ATP-agarose affini- 
ty chromatography, Fig.1 is representative of the 
degree of purity obtained by this procedure now 
used routinely for pp18 purification. On a specific 
activity basis, a purification of 714-fold is 
estimated [8]. Two major proteins, in addition to 
the 18 kDa pp18, are present (67 and 48 kDa) and 
it is not known whether these are essential for pp18 
activity and/or possess other activities, although 
they remain associated with pp18 during size exclu- 
sion chromatography. Fig. 1 also illustrates the 
B 
2 
toradiographs of two-dimensional thin-layer chromatography separations of endogenous (A) and exogenous (B) lipid __ 
phosphorylation by the kinase preparation. The protein kinase preparation was labelled using [r-‘“P]ATP for 5 min (A) or 30 min 
(B) with the addition of exogenous phosphatidylinositol for plate B. Lipids were then extracted. First and second dimensional 
directions are indicated and points of application are shown by arrowheads. Endogenous phosphorylated lipid product is shown by 
an open arrow on plate A. Positions of 12 staining standards are outlined. 
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autophosphorylation of pp18 obtained when in- 
cubated with [Y-~~P]ATP. 
Labelling of the purified protein kinase prepara- 
tion using [y-32P]ATP and extraction of 
phosphoinositides reveals the presence of an en- 
dogenous lipid phosphorylation (marked with an 
open arrow on fig.2A). This compound migrates 
between the outlined PIP and PIP2 markers and 
possibly represents the phosphorylation of lysoP1 
to form 1ysoPIP [ 121. A lysophosphatidylinositol 
kinase has been identified in human platelet 
microsomes [13], and a similar unidentified 
inositol lipid was observed by Boss and Masse1 [3]. 
Upon the addition of exogenous PI to the 
phosphorylation mixture the production of PIP is 
observed (fig.2B). The purified protein kinase 
preparation thus contains PI kinase activity, A 
slight enhancement in the level of the putative 
IysoPIP is also observed, possibly due to lysoP1 
contamination of the exogenous PI and not the 
longer incubation time used for exogenous PI 
phosphorylation. The major spots migrating close 
to the origin are, as yet, unidentified. However, 
they may represent inositol phosphates produced 
by breakdown of the phosphorylated lipids [3]. 
The addition of 1,2-dioctanoyl-glycerol or PIP 
failed to produce either phosphatidic acid or PIP2, 
respectively (not shown). Initial observations sug- 
gest a relative insensitivity of the pp18 endogenous 
lipid (shown in fig.2A) to digestion by 
phospholipase C, phospholipase AZ and alkaline 
phosphatase when compared to exogenously added 
lipids (not shown). Insensitivity to enzymic attack 
would suggest hat the lipid is protected by a pro- 
tein moiety [ 121. 
4. DISCUSSION 
To our knowledge this is the first report of the 
purification of a PI kinase from plants and is thus 
a considerable advance in dissecting the possible PI 
turnover-mediated signal transduction in plants. 
To state that this activity is solely associated with 
pp18 would be premature, the activities of the 
67 kDa and 48 kDa proteins, or combinations 
thereof, must be investigated. However, the 
association of lipid kinase activity with a protein 
kinase is not unusual. Numerous tyrosine kinases 
are known to phosphorylate PI, PIP and 
diacylglycerol [ 141. Additionally, phosphorylase 
kinase will phosphorylate PI, producing PIP, and 
the CAMP-dependent protein kinase will 
phosphorylate PIP to produce PIP2 [9]. PI kinase 
activity is also thought to be associated with the 
sarcoplasmic reticulum Ca’+-ATPase [ 121. 
A direct demonstration that pp18 is involved in 
the turnover of phosphatidylinositol is required, as 
its plasma membrane location favours its involve- 
ment. The purification of the other enzymes for 
completion of the cycle is also necessary. 
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